Correct geographic market definition is important to study the impact of competition. In the nursing home industry, most studies use geopolitical boundaries to define markets. This paper uses the Minimum Data Set to generate an alternative market definition based on patient flows for Medicare skilled nursing facilities. These distances are regressed against a range of nursing home and area characteristics to determine what influences market size. We compared Herfindahl-Hirschman Indices based on county and resident-flow measures of geographic market definition. Evidence from this comparison suggests that using the county for the market definition is not appropriate across all states.
Researchers and policymakers are interested in the role that market structure plays in the health care market because more competitive markets could result in better access to care at higher quality and lower costs. Market structure is important to antitrust authorities when they need to estimate the competitive effects of a potential merger; while in comparison, local health agencies may need to study any access and cost issues that might arise if a facility enters or exits the market. From the perspective of researchers, to fully understand the impact of changes in government policy, knowledge of how firms respond to competition is needed. In all of these cases, the concern is how the number of firms and the distribution of those firms' market share impact an outcome. 1 To measure market structure, it is pivotal to have an accurate definition of the relevant geographic market.
In principle, there is a general consensus on how to define geographic market, but there is wide variety in how to implement market definition empirically (Baker 2007) . Multiple papers have addressed geographic market definition in general, but most literature that focuses on market definition in the health care sector is limited to the hospital industry (Lindrooth 2008) . Many of these techniques require the use of patient-level data, something that was not often available to nursing home researchers until recently. Furthermore, the study of market definition in the nursing home industry is underdeveloped, with the majority of past research using geopolitical boundaries to define the relevant market.
The objective of this paper is to provide a comprehensive evaluation of the different empirical techniques to define relevant geographic markets for nursing home care, and to inform researchers and policymakers which method would be more appropriate given their research objectives and the constraints of their data. The particular focus is on nursing home residents who are reimbursed by Medicare for skilled nursing facility (SNF) care. Although nursing homes provide both long-term and skilled nursing care, we focus on skilled nursing for multiple reasons. First, the medical situation needed for a patient's admission and the processes used to admit an individual are different for skilled nursing compared to longterm care. Second, the reimbursement mechanisms for both types of care are different. Medicare and private health insurance are the primary payers of skilled nursing, whereas Medicaid and private means are the primary payers for long-term care. Finally, Medicare SNF care prices are set by the federal government and the resident does not have any out-of-pocket costs for the first 20 days. This reduces the influence of price on the geographic market.
We provide a general overview of the empirical techniques used to define the relevant geographic market in the health care sector, present a conceptual model for determining the size of the market, and empirically test the conceptual model. Using merged data from the Minimum Data Set (MDS), the Online Survey Certification and Reporting (OSCAR) system, and the Area Resource File for the states of California, Florida, Georgia, Ohio, Illinois, New York, New Jersey, and Texas, we empirically compare the use of geopolitical boundaries to actual patient flows. Finally, we compare the level of market concentration using a series of alternative techniques.
This paper contributes to and improves the empirical literature in the following ways. It provides a comprehensive review and evaluation of various empirical techniques to define the geographic market in the nursing home industry. Previous work that studied market definition used data from one state (Gertler 1992; Nyman 1994; Zwanziger, Mukamel, and Indridason 2002) , with the most recent study employing data from 1997. This paper uses data from eight different states and looks at the year 2005, a period following the 1998 implementation of the prospective payment system (PPS) for Medicare SNF care reimbursement. Nursing home markets may have changed in response to this alteration in policy. Finally, this paper provides a reference to determine the appropriate geographic market definition.
Empirical Methods of Defining the Geographic Market
Researchers and policymakers need to define the relevant geographic market to identify entities that compete with each other and to characterize market structure. In the first case, defining the geographic market identifies facilities that are in the same market; such was the case when Bowblis and Vassallo (2010) defined rural geographic markets in the nursing home industry to study the impact of a nursing home closure on facilities in the market not closing. In the second case, the objective is to create a measure of market structure, such as the Herfindahl-Hirschman Index (HHI), in order to determine its impact on quality or costs. 2 A concern that arises with identifying competing facilities or using measures of market structure is their sensitivity to the specific market definition applied. When the market is national in scope, the geographic market is often not much of a concern. However, the market for health care, including Medicare SNF services, is not national in scope since patients choose providers that are close to their home. This makes measuring the geographic market important because improper definitions can lead to incorrectly classifying which firms are in or not in the relevant geographic market.
The most common method employed to define geographic markets in the nursing home industry is to use geopolitical boundaries. 3 In this method, geopolitical units such as counties or metropolitan statistical areas (MSAs) are used to calculate an HHI for the geopolitical unit. 4 All nursing homes within the geopolitical unit have the same HHI. The county is the most common geopolitical unit in the nursing home literature. 5 Gertler (1992) justified using the county as the relevant geographic market in his analysis of nursing homes in the state of New York because 75% of residents in nursing homes originally resided in the same county as their nursing home. Nyman (1994) had a similar justification for using the county as the market in Wisconsin. He found that over 89% of nursing home patients resided in the same county as the nursing home prior to admission. The county also is justified as a relevant geographic market because the provision of federal block grant funding to nursing homes is allocated by county (Banaszak-Holl, Zinn, and Mor 1996) .
Geopolitical boundaries offer a convenient way for defining the market because there is no need for patient-level data and the choice of political boundary is exogenous to other factors that could influence market size, such as quality or nursing home amenities. However, the choice of which SNF to obtain services from is not restricted by geopolitical boundaries, making some geopolitical boundaries unrealistic. At one extreme, the geopolitical boundary used to define the market may be larger than the actual market. For example, in Los Angeles County in 2005, there were more than 337 Medicare SNFs. Using the county as the geographic market assumes that all these SNFs were competing in the same market, potentially overestimating the level of competition. Conversely, one could imagine two SNFs situated only one city block apart, yet lying in different counties. These nursing homes would compete for similar residents, but by using the county as a geographic market, they would be considered to be in different markets. Therefore, HHIs calculated by using the county as the market could overestimate or underestimate the true level of market concentration (Zwanziger, Mukamel, and Indridason 2002) .
Fixed circular distances around a facility provide an alternative method to geopolitical boundaries that is easy to compute and apply to a national data set. In this market definition, a fixed radius is chosen that represents the catchment area of residents for the facility. Then, all facilities in the catchment are used to construct a facilityspecific HHI. In the hospital industry, fixed radiuses of 15 miles (Robinson and Luft 1985) and 30 kilometers (18 miles) (Chernew, Gowrisankaran, and Fendrick 2002) are used to define the geographic market. In a study to determine the impact of hospital closures on competitors, Lindrooth, Lo Sasso, and Bazzoli (2003) compared hospitals that were within 10 miles to those beyond 20 miles of a closed hospital. In their study of the nursing home industry, Grabowski and Stevenson (2008) used a fixed distance radius of 25 kilometers (15.5 miles), but did not provide any supporting evidence for doing so.
The fixed radius method has the same advantages as the use of geopolitical boundaries because the method does not require patient-level data and is also exogenous to factors that can influence the market size for a specific SNF. Additionally, since a fixed radius can cross boundaries, it is not as restrictive as geopolitical boundaries. However, this definition suffers from at least two serious limitations. First, the size of the radius used by most studies seems to be chosen arbitrarily and not based on actual patient flows. Second, it is reasonable to believe the size of the fixed radius could be different depending on exogenous local characteristics. For example, one could expect that urban facilities would have smaller catchment areas than rural facilities because of differences in population density.
An alternative approach that attempts to get around the limitations of a fixed radius uses a ''variable radius'' specific to each facility and based on patient flows. 6 This approach follows work by Elzinga and Hogarty (1973) . The Elzinga-Hogarty test defines a geographic market according to the flow of products or services. In terms of health care markets, the test defines a market as a geographic area in which most of the patients come from that area. Elzinga and Hogarty (1978) define a ''strong'' market as a geographic area in which 90% of the patients originate from that same area. The cutoff criteria they use for a ''weak'' market is 75% of patients originating from the area. The variable radius approach is used in the hospital literature (Phibbs and Robinson 1993; Rogowski, Jain, and Escarce 2007) . To figure this out, the distances patients travel to a hospital are ranked from shortest to longest, based on hospital admissions. The size of the radius for the hospital then is based on the 75 th and 90 th percentile distances for patients. Gresenz, Rogowski, and Escarce (2004) applied this method to the hospital industry and found that markets based on the 75 th and 90 th percentile distances are influenced by facility and local-area characteristics. To our knowledge, the use of a variable radius has not been applied to the nursing home industry.
Although defining geographic markets with a variable radius is an improvement over a fixed radius or geopolitical boundary, use of a variable radius is not without controversy. In recent antitrust cases in the hospital industry, it has been argued that the variable radius method could lead to large catchment areas that do not accurately reflect the level of a hospital's market power. Specifically, patients may bypass closer hospitals to obtain specialized or higher quality services from hospitals that are farther away (Tay 2003) . Analyzing patient flows for specialized or high-quality hospitals could lead to more hospitals being included in the HHI calculation, reducing a hospital's level of market concentration, even though the hospital has significant market power (Werden 1989) . The same may be true for SNFs. Further, patient flows are a response to current market structure, and changes in market structure that occur because of a merger, including changes in prices, would not be captured in current patient flows. 7 While a market definition based on patient flows may not conclusively address concerns for antitrust purposes, patient flows do reflect transactions based on the current market structure. This makes use of patient flows to construct variable radiuses an option for defining geographic markets in ex post studies on the impact of concentration on performance.
A final method that has become popular in the hospital literature is to calculate the measure of market concentration without specifically defining the market. An approach by Kessler and McClellan (2000) estimates a hospital choice model to obtain the probability that each patient will choose a specific hospital. This probability then is employed to construct the share of patients from a zip code that use a specific hospital, and to calculate an HHI for each zip code. With the predicted probability of choosing a specific hospital, the Kessler-McClellan approach reduces some of the concerns regarding the endogeneity of using the HHI as a measure of market structure. Finally, by weighting each zip code HHI by the predicted share of demand for a hospital in that zip code, a predicted hospital HHI is obtained.
While this method is gaining popularity in the hospital literature, there are still some concerns. First, the Kessler-McClellan approach requires patient-level data and assumes facilities are able to differentiate among patients from different zip codes. Second, the approach only provides an accurate measure of market concentration given the current situation and cannot make predictions about changes to market structure, such as those occurring after a merger. Third, the Kessler-McClellan approach allows for construction of the HHI without defining the geographic market. However, without a definition of the market, the approach is not helpful when a study's objective is to determine how one firm can impact other firms in the market, as Lindrooth, Lo Sasso, and Bazzoli (2003) strove to do in their study examining how a hospital closure impacts the efficiency of other hospitals in the market. And finally, the approach is computationally taxing to implement for the SNF market if the predicted probabilities are calculated the same way as Kessler and McClellan directed. This is because the method requires interactions of patient characteristics with the characteristics of all possible SNFs in a resident's choice set. Unlike the hospital industry, these choice sets are large in the market for SNF care. Konetzka, Norton, and Werner (2010) were among the first to use a modified version of this approach in the nursing home industry, but further work is needed to address these computation issues before this method can be extensively applied in the nursing home industry.
Conceptual Framework
Medicare SNFs provide post-acute care to people who have been discharged after a hospitalization of at least three consecutive days. Before discharge from the hospital, a patient must choose from which SNF to obtain services. This choice, which is guided by hospital discharge administrators, is determined by the patient's preferences and the availability of beds.
The location of the SNF relative to the patient's home is one of the first character-istics a potential SNF resident considers in determining where to obtain care because travel costs are incurred by the resident and his or her visitors. If distance is a proxy for travel costs, SNF residents will prefer the nursing home closest to their home, holding other things constant. However, nursing homes have the ability to differ in two important ways: through quality or the provision of specialized services. One factor not included in the patient preferences is price. Medicare pays the full cost of the first 20 days of services, after which residents are required to pay a copayment that is often partially covered by supplemental insurance. This copayment often is not considered in the decision of which SNF to choose because reimbursement rates are determined by the federal government under the PPS and are the same for all facilities in a local area. Further, the majority of SNF residents are discharged before 20 days, with the average length of a Medicare SNF stay being 22.9 days in 2000 (White 2003 ).
Since prices are fixed, it is reasonable to assume that some individuals would bypass closer SNFs and choose to be admitted to SNFs that provide higher quality but are farther from their homes. In comparing two SNFs, with the farther one having higher quality, the patient will choose the higherquality SNF if the marginal utility from quality is larger than the increased marginal cost of travel. This same argument applies for specialized services provided by SNFs. By creating dedicated special care units (SCUs) for treating certain conditions (e.g., dementia), the SNF can create expertise in treating that condition, which in turn improves quality and increases demand. Since these services can be provided in a SCU or non-SCU, a potential resident must weigh the marginal utility and travel cost of being in a SCU compared to not being in a SCU, but being closer to home.
Although patients may select SNFs based on the trade-offs among distance, quality, and SCUs, their ability to choose a SNF is restricted by the availability of beds. The first measure of bed availability that can impact the distance a patient travels for SNF care is the facility's occupancy rate. Facilities with higher occupancy rates have fewer beds available and have less of an incentive to attract potential residents from greater distances. Although occupancy rate is an important factor, other local area characteristics could impact the availability of beds and the size of the market. Holding the occupancy rate and number of SNFs constant, places with a higher population density and more urban environment will have higher demand. As demand increases, a SNF can attract residents who are closer to the facility, reducing the size of the market.
This general framework implies that if all SNFs were homogenous in quality and services provided, the size of the geographic market would be large enough so that demand would equal the supply of beds. Variation in the size of geographic markets then would be determined by local market characteristics that affect demand, such as population density. However, SNFs have the ability to differentiate by providing varying specialized services and levels of quality. The provision of more specialized services and higher quality should result in a larger catchment area since some residents would find the marginal utility associated with obtaining care at these SNFs to be greater than the increase in the marginal cost of travel. Although it is possible to place a sign on the direction of these factors, it is impossible to predict which factors are more influential in determining market size. Therefore, we estimate reduced-form models to understand which factors are associated with determining market size.
Data and Empirical Model
In order to provide a comprehensive evaluation of various geographic market definitions, we merged the 2005 Minimum Data Set for the states of California, Florida, Georgia, Illinois, New Jersey, New York, Ohio, and Texas with the Online Survey Certification and Reporting (OSCAR) system, and the Area Resource File. 8 MDS admission assessments provided zip codes where residents lived prior to their nursing home admission. All Medicare admissions that were nonreadmits and came from the community, hospital, or assisted living were merged with OSCAR data to obtain information on facility and resident characteristics, including a facility's zip code. 9 In addition, the MDS was merged with the Rural-Urban Community (RUCA) codes to obtain information on the urbanicity of each zip code (WWAMI Rural Health Research Center 2007) . The merged data set contained 543,995 Medicare SNF admissions in 5,535 nursing homes.
For each admission, the distance traveled by the patient was computed using the linear distance between the zip code of the SNF and the zip code of the patient prior to admission. For each facility, the 75 th and 90 th percentile radiuses were defined as the distance of the 75 th and 90 th percentile admissions ranked by distance, from shortest to longest. 10 One concern with this definition is the accuracy of the distance for SNFs of different sizes. For example, some facilities may have few Medicare skilled nursing admissions and their calculated radiuses may not be representa tive of their catchment area. Therefore, we restricted the analysis to SNFs that had at least 15 beds and 10 Medicare skilled nursing admissions (5,126 facilities).
To test whether the sizes of geographic markets are determined by quality and localarea demographic characteristics, the following reduced-form model was estimated:
where d i is one of the distance measures for nursing home i, Z i is a set of quality measures, Y i is a set of local-area demographic characteristics, X i is a set of other facility characteristics that could impact the size of the catchment area, and e i is an error term. The unit of observation is the SNF. Some facilities had distances of zero because patients admitted from within the 75 th and 90 th percentile radiuses came from the same zip code as the facility (10.3% and 3.2%, respectively). Since these values would be nonzero if finer address data were available, the distance variable was not truly censored. Following the suggestion of Angrist and Pischke (2008) , we estimated the model using linear regression, but include the results of Tobit regressions. In all regressions, standard errors were adjusted for the presence of heteroskedasticity.
Quality measures in the model were obtained from OSCAR and include nursing staff ratios and the number of regulatory deficiencies received by the facility. Nursing staff are the primary caregivers in the nursing home and are broken into three categories based on certification: registered nurses (RNs), licensed practical nurses (LPNs), and certified nurse aids (CNAs). To allow for comparison across facilities, we based staffing ratios on the number of hours per resident day (HPRD). In some cases, staffing ratios were unreliable. For each type of staff, unreliable staffing ratios were changed to zero HPRD, and we created an indicator variable to identify the observation. Unreliable staffing ratios were identified using a similar process to Bowblis (2011) . While higher staffing ratios are an indicator of higher quality, a higher number of regulatory deficiencies are associated with lower quality. Deficiencies are issued by state surveyors as part of an annual Medicare and Medicaid recertification process that is designed to evaluate whether a nursing home is meeting minimum regulatory standards on quality of care, quality of life, and administrative processes (Mullan and Harrington 2001) .
The Area Resource File was the source of local-area demographic characteristics. 11 Demographic characteristics include: the number of hospital beds per 1,000 people, the number of people age 65+ per 1,000, and population density. It is expected that as the number of hospital beds increases, there is a greater demand for skilled nursing in the local area and the catchment area will be smaller, while higher population density and a larger proportion of elderly in the population will reduce the size of the catchment area.
In addition to quality and local-area demographic characteristics, we included other controls that could impact the size of the catchment area. Facility structure variables include the number of beds of the facility, binary indicators for ownership status (i.e., for-profit, not-for-profit, and government), a binary indicator for chain membership, and a binary indicator showing whether the facility is hospital-based. A facility's operation charac-teristics were measured by the occupancy rate of the facility and the sources of revenue (i.e., proportion of revenue obtained from Medicare, Medicaid, and other sources). A facility's case mix reflects the severity of the medical conditions of the residents. Since facilities that handle complex case mixes may be able to attract residents from farther away, case-mix variables were included as a control. They include the physical acuity of the residents as measured by the ACUINDEX (Cowles 2002) , and the proportion of residents who have a psychiatric illness and are developmentally disabled. In addition to case mix, the presence of special care units can also attract patients with specialized needs. Binary indicator variables were created for each SCU: Alzheimer's/ dementia, AIDS, disability care, dialysis, head trauma, hospice, Huntington's, ventilation, and other rehabilitation. The final set of controls included a set of binary indicators for each state and a set of binary indicators for rural facilities. Rural facilities were classified as micropolitan (an area around a core city or town with a population between 10,000 and 49,999) and small rural (an area around a town with a population below 10,000) based on RUCA codes.
Results
Table 1 describes the geographic market size for Medicare SNF care. The first two rows present the percentage of admissions in which the resident comes from the same county and state as the SNF. As one would expect, facilities attract most residents from within the state (98.3%). Comparable to results found by Gertler (1992) and Nyman (1994) , facilities admit 83.1% of residents from their local county. However, there is significant variation in the proportion admitted from the Notes: All calculations are weighted by the number of facilities and were calculated from 2005 MDS non-readmission assessments for Medicare SNF admissions from an assisted living facility, a hospital, and the community. Calculations are restricted to facilities with at least 15 beds and 10 Medicare skilled nursing admissions. a Percentages are the proportion of facilities in the state that have at least X% of admissions from within the same county. b Geographic market size for each facility is calculated as the distance in miles that the Xth percentile patient traveled when admissions are ranked from shortest to longest travel distance. Estimated size of the county is the radius in miles if counties are assumed to be circles. The estimated size of the county is the radius of the average county, weighted by the number of facilities in the county.
local county by state. Georgia (63.4%), New Jersey (80.0%), and Texas (80.2%) have the lowest proportion of residents admitted to a facility from the local county. In contrast, California (90.4%) and Florida (87.5%) have some of the highest rates of admissions from the local county.
To gain better insight into the proportion of admissions from the local county, Table 1 reports the distribution of SNFs with various percentages of residents admitted from the same county. For the eight states, 94.8% of all SNFs admit at least 50% of their residents from the local county, while only 6.9% of SNFs admit residents solely from the same county as the SNF. For states like California and Florida, a significant proportion of SNFs attract residents from the local county. For example, 90.5% of California nursing facilities attract at least 75% of their residents from the local county, and 68% draw at least 90% of residents from the local county. For states that attract most of their residents from the local county the geographic market is at least as large as the county. In comparison, of the eight states, Georgia, New Jersey, and Texas have the lowest admission rates from the local county. Only 33.3% of SNFs in Georgia attract more than 75% of their residents from the local county and only 10.6% attract 90% or more residents. For states similar to Georgia, the geographic market is likely to be larger than the county.
An alternative to using counties to determine markets is employing patient flows. Applying the ''weak'' market definition of 75 th percentile radius distance, the smallest geographic market is in New Jersey with a 6.8-mile radius. The largest markets are in Georgia. Georgia SNF markets are more than twice the size of the markets in New Jersey, at a radius of 16.1 miles. For the entire sample, the average radius is 9.2 miles. As expected, the ''strong'' market definition of the 90 th percentile radius results in larger geographic markets. For the entire sample, the strong geographic market definition is twice the size of the weak definition, at 18.6 miles. Comparisons of individual states find the range of strong geographic market sizes go from the smallest at 12 miles (New Jersey) to the largest at 39.2 miles (Georgia).
If the county is an approximate market for SNF care, then it is possible to determine whether the 75 th or 90 th percentile radius is more appropriate to define the geographic market by comparing these radiuses to the size of the county. We estimate the size of each county by calculating the radius of the county as if all counties are circles. This radius is weighted by the number of SNFs in the county. For the entire sample, the radius size of the average county is the same as the 90 th percentile radius, suggesting that the 90 th percentile distance may be more appropriate for defining the SNF market than the 75 th percentile radius. However, looking at individual states reveals a different picture. County sizes in New Jersey, New York, and Ohio are similar to the 90 th percentile radius definitions, but markets in Georgia and Texas are larger than the county. California and Florida markets are smaller than the county. This implies that the geopolitical boundary of the county can significantly underestimate or overestimate the size of the geographic market.
To determine whether the size of the geographic market is different based on factors that impact market size (i.e., quality, special services, and availability of beds), the 75 th and 90 th percentile distances (in miles) are regressed on facility and local-area characteristics using linear and Tobit regressions. The summary statistics and regression results are reported in Table 2 . Since the linear and Tobit regressions have similar coefficient estimates, we focus our discussion on the linear regression results.
As predicted by the conceptual model, higher quality is associated with increased size of the geographic market. Facilities that have higher RN and LPN staffing ratios attract residents from farther distances. Interestingly, the CNA staffing ratio is negative and marginally significant in the 75 th percentile distance regression. This could be due to the perception that SNFs with higher CNA staffing levels have lower quality because the facility substitutes more expensive RNs and LPNs for less expensive CNAs. The coefficient for the number of deficiencies is not statistically significant.
In addition to quality, the results show that residents are willing to travel farther distances to obtain specialized services. Other than the presence of an Alzheimer's/dementia SCU, other types of SCUs are rare. For example, less than 1% of facilities have a SCU for AIDS, disability care, dialysis, or head trauma. The presence of an AIDS unit reduces the size of the geographic market by eight miles for the 90 th percentile distance, but does not have a statistically significant effect for the 75 th percentile distance. This result is probably related to the fact that most AIDS units are located in select cities to serve a local clientele. SNFs with head trauma SCUs also have smaller markets, but the result is not statistically significant in the Tobit regressions. The other SCU found to have a statistically significant impact is the presence of a ventilator SCU. A ventilator unit increases the 75 th percentile distance by 1.54 miles, while it increases the 90 th percentile distance by 7.81 miles. As expected, Alzheimer's/dementia SCUs do not have an impact on the size of the market. This probability is because they have little effect on demand for SNF residents, but are attractive to long-term care residents.
Bed availability, which is measured by the occupancy rates and local-area demographic characteristics that impact demand, should affect the size of the market. In our results, higher occupancy rates reduce the need to attract residents from farther away, but the result is not statistically significant. Facilities located in areas with more hospital beds per 1,000 people attract patients from farther away, but the result similarly is not statistically significant. However, facilities in areas that are more densely populated and have more elderly people are smaller in size. A 1,000-person increase in population density reduces the 75 th percentile market size by about a quarter mile, while the 90 th percentile market size is reduced by a half mile.
Other facility characteristics also can impact the size of the market and are included as controls. Facility size, ownership, and whether the facility is hospital-based or free-standing have no statistically significant impact on the size of the geographic market in our results. Facilities that are part of multifacility organizations attract residents from farther away. Chains may be able to attract patients from farther away either because of brand recognition or more integrated relationships with placement offices in hospitals. Facilities with a greater proportion of residents on Medicaid attract residents from larger geographic markets.
As shown, case mix impacts the relative size of the geographic market for Medicare SNF residents. Facilities with higher physical acuity levels, as measured by the ACUINDEX, have smaller geographic markets, but the result is only statistically significant for the 90 th percentile distance. Facilities with a larger proportion of patients that have a developmental disability attract patients from farther distances. For each percentage-point increase in the number of residents who are developmentally disabled, the 75 th percentile distance increases .29 miles and the 90 th percentile distance increases by .6 miles.
The final set of controls includes indicator variables for rurality and state. In the 75 th percentile regression, facilities in small rural areas have larger geographic markets than urban facilities (3.65 miles), but micropolitan areas are statistically no different than urban areas. The results are similar for the 90 th percentile distances. Compared to the reference group of California, states showed considerable variation in geographic market sizes. Facilities in Florida, Georgia, and Texas have geographic markets that tend to be larger than California, while facilities in Illinois, New Jersey, and Ohio tend to have smaller markets.
The results of the regression find the size of geographic markets varies across states and facility characteristics. This implies there will be measurement error in HHIs if they are based on geopolitical boundaries or on a fixed radius. To determine the sensitivity of HHI to geographic market definition, Table 3 reports the average HHI for each state by different market definitions: the geopolitical boundaries of the county, a fixed national radius (18.6 miles), a fixed radius specific to the state, and a variable radius specific to the facility based on the 75 th and 90 th percentile distance. HHIs are calculated for all facilities using the number of Medicare skilled nursing admissions and capacity (number of beds) to determine market share. 12 For ease of interpretation, only the HHIs for the number of admissions are discussed, but the results for capacity are similar except for the average market being less concentrated.
The use of the geopolitical boundary of county is the most common market definition found in nursing home research. Using this definition, Georgia has the most concentrated nursing home markets while California has the least concentrated ( p-value , .001). Comparing county HHIs with alternative market definitions suggests that HHIs are sensitive to market definition. In the entire sample, the use of a national fixed radius results in an average HHI that is smaller than the average county HHI ( p-value , .001). The national fixed radius results for an average HHI is similar to the average county HHI in California and Florida, but it is about double the size of the county HHIs in New Jersey and Ohio. This is due to states having geographic markets of different sizes (see Table 1 ). The use of a state-specific fixed radius results in average HHIs that are closer to those using the county and the 90 th percentile distance. There is one exception. A state-specific radius in Georgia results in significantly less concentration even compared to a variable radius ( p-value , .001).
The 75 th percentile variable radius results in higher concentrated markets than other market definitions ( p-values , .001). The 90 th percentile variable radius has HHIs similar to the county market definition ( pvalue 5 .585). For Illinois, New York, and Ohio, the average county HHI is approximately the same as the 90 th percentile radius HHI ( p-values of .702, .997, and .057, respectively). All other states have statistically different levels of concentration ( p-values , .001) for the 90 th percentile variable radius and county market definitions. Compared to the 90 th percentile radius, the use of a county market definition would overestimate the level of market concentration in Georgia, where it would underestimate the level of market concentration in California.
Conclusion
The issue of a relevant geographic market in the nursing home industry has been under-studied. Most studies of the nursing home industry that apply the HHI as a covariate for market concentration use the county to define the relevant geographic market. In the state of New York, which Gertler's (1992) study cited as justification for setting the county as a market, the county definition provides average HHIs for SNFs that are similar to the 90 th percentile variable radius. The same is true in the entire sample of eight states in this study, but this is misleading. In California and Florida, the market is at least as large as the county, but there is some evidence that the market may even be smaller than the county. Using the county to define markets in these states would underestimate the actual level of concentration. In contrast, Georgia and Texas have geographic markets that are larger than the county. And thus using the county to define geographic markets would overestimate the level of concentration. This suggests that the county may not be an appropriate geographic market for all states.
An alternative geographic market definition to the county is a fixed radius applied to all facilities in the nation. Grabowski and Stevenson (2008) used 15.5 miles in their study. Our sample of eight states finds that this may be close to the actual average geographic market size. However, the regression results suggest that even after adjusting for facility and local-area characteristics, there are significant differences in the size of geographic markets. For example, markets in Georgia are 6.5 to 19 miles larger than markets in California. This issue can be addressed by using different fixed radiuses for each state, but even this suffers from limitations. Local-area characteristics, which were found to be related to the size of the geographic market in our regressions, can vary within the states. Thus using a statespecific fixed radius causes measurement error in the calculation of HHIs if the state is not homogenous. However, these errors are likely to be smaller than if one national radius were used. In seven out of the eight states in the sample, the average HHI from a statespecific fixed radius is close to the 90 th percentile variable radius HHI.
The final method analyzed in the paper is the use of a variable radius. This method calculates HHIs that are specific to the SNF and reflects the catchment area of the facility. Although this method may provide the most accurate measure of the geographic market, it is not without limitations. First, patient flows may not accurately reflect actual market power because facilities may attract patients from significant distances and still exhibit market power. This is of particular concern in the hospital industry because patients may be willing to travel far distances for short stays and specialized care, but it may be less of a concern for the SNF industry because patients may not be willing to travel farther for extended SNF stays. Second, the use of a variable radius requires access to MDS admission data. If researchers do not have access to admission data, they will be unable to calculate a facility-specific radius.
As expected, we find that different measures of geographic market definition result in different market sizes and levels of market concentration. This implies that researchers need to weigh the methods to define the market as to their advantages and disadvantages; they also must consider the objectives of their particular study and the availability of admission data. We find that the use of geopolitical boundaries, such as counties, is inappropriate. If admission data are available, studies only interested in constructing a measure of HHI should consider using the Kessler and McClellan approach first. However, this approach needs modification in order to be implemented in the SNF market and that is beyond the scope of this paper. Further, the Kessler and McClellan approach is not appropriate for studies that need to define the geographic market to identify competitors. The next best alternative is use of the variable radius. We would suggest using the 90 th percentile variable radius because it is closer in size and HHI to previously accepted geographic market definitions found in the nursing home literature. One drawback to this method is that quality may determine market size endogenously, although this is less of a concern if the objective is to define which SNFs are competitors. If researchers find the endogeneity of quality to be a concern, then 90 th percentile fixed radiuses can be used. The best approach for this selection would be to allow the fixed radius to differ by state and by the urban nature of the SNF. This may also be the most appropriate approach to take if admission data are unavailable.
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1 For examples in the health care literature see Zinn (1994) ; Mukamel, Spector, and Bajorska (2005) ; Gulley and Santerre (2007) ; and Kessler and Geppert (2005) . 2 A Herfindahl-Hirschman Index is a measure of market concentration that is calculated by squaring the market share of each firm in a market and then summing the resulting numbers. If market share is measured from zero to 100, then the HHI can range from zero to 10,000. Higher values of the HHI represent more concentrated markets. 3 Grabowski (2008) provides a review of market definition in nursing homes. 4 One can also use zip codes. For example, Dranove, Shanley, and Simon (1992) used all zip codes within a city and all towns within 10 miles of the city as a market. 5 There are a number of studies that have used the county as the relevant geographic market in the nursing home industry (for example, Banaszak-Holl, Zinn, and Mor (1996) ; Grabowski and Hirth (2003); Cawley, Grabowski, and Hirth (2006) ; and Gulley and Santerre (2007) ). 6 One method that has used Medicare patient flows is to define health service areas (Center for Evaluative Clinical Sciences 1996). Health service areas are meant to capture the markets for primary services and may not be applicable to the nursing home industry. 7 For examples of methods that estimate the price effects of a merger without defining a geographic market see Capps et al. (2002) , Capps, Dranove, and Satterthwaite (2003) , and Varlevisser, Capps, and Schut (2008) . 8 These eight states account for almost 40% of all nursing homes nationwide and are selected to be representative of urban and rural states (Harrington, Carrillo, and Lacava 2006) . 9 In order to match as many OSCAR surveys with the MDS as possible, OSCAR surveys from January 1, 2004 to December 31, 2006 were merged with the MDS, and the OSCAR survey closest to July 1, 2005 was used. Less than .5% of the MDS admissions were unable to be merged with a corresponding OSCAR survey. 10 The 75 th and 90 th percentiles are used to reflect the ''weak'' and ''strong'' geographic market definitions discussed by Elzinga and Hogarty (1978) . In addition, these are measures used by others for the hospital industry (Phibbs and Robinson 1993; Gresenz, Rogowski, and Escarce 2004) . 11 The Area Resource File provides demographic information that is specific to the county. The local demographic information is for the county in which the nursing home is located and does not necessarily correspond to the characteristics of all counties in a nursing home catchment area based on alternative market definitions. 12 The results in Table 3 use all facilities regardless of number of Medicare admissions and number of beds. The HHIs calculated from facilities with at least 10 admissions and 15 beds are similar to the HHIs reported in Table 3 .
